Based on a series of new radiocarbon dates we examine the vertical mobility of cattle in the Alps by 22 means of strontium isotope analysis on samples from the prehistoric settlement of Ramosch-Mottata 23 (Canton of Grisons, Switzerland). By identifying variations in the strontium isotope ratios of high-24 crowned cattle molars, we investigate the seasonal use of alpine pastures (vertical transhumance) and 25 changes in cattle husbandry practices between the early and later stages of the site's occupation. 26
(Stauffer-Isenring, 1983), although radiocarbon dating, in its infancy, had yielded rough absolute dates 149 for each of the stratigraphic layers (Gfeller et al., 1961) . The excavators recovered a considerable 150 quantity of animal bones (> 10,000 fragments) from five layers (Bronze Age, Melaun III, Melaun II, 151
Melaun I, Fritzens-Sanzeno). Despite a brief report (Würgler, 1962) , no detailed archeozoological 152 investigation (i.e. with regard to harvest profiles or slaughter ages) has been carried out to date. It is 153 clear, however, that the keeping of livestock, mainly sheep, goats and cattle, played an important role 154 in the Bronze and Iron Age economic system at Ramosch-Mottata. 155
156
The geology around the site is highly varied (SBL, 2008 (SBL, , 2014 . The area surrounding the settlement 157 and the Sinestra Valley/Val Sinestra which runs towards the north ( Habermehl (1975) . In-depth archeozoological investigation guaranteed that each 201 animal was only sampled once. Based on availability and preservation, we sampled the enamel of one 202 second permanent molar (M2) and 14 third permanent molars (M3). The surface of each tooth was 203 carefully cleaned using a dental burr and hand drill. A longitudinal enamel section of c. 2 mm 204 thickness representing the complete available growth axis of the tooth was cut using a diamond-205 impregnated dental disk. The enamel section was fixed laterally on a round PTFE mount and 206 embedded in epoxy resin (Biodur® E12 + Biodur® E1 hardener 100:28). After 12 hours in a vacuum, 207 the resin was hardened in an oven at 35°C for 48 hours. The surface of the resin was ground to reveal 208 the surface of the enamel section and polished manually using successive grades of SiC paper down to 209 P1200 grit. The sample mounts were then transferred to NOCS for Sr isotope analysis. from 279 analyses of an in-house ashed bovine pellet standard (BP), carried out over 18 months, with 230 three repeats after every third sample. This is about the same order as the smallest within-tooth 231 variation, but well within the variation between the majority of the teeth, and is therefore considered 232 insignificant to our interpretation of the isotopes. In the absence of suitable references for the 233 biologically available strontium from the site, we used dentin as a proxy for the on-site signature. and less variable than in the enamel and, in all but one case, have higher Sr concentrations. This is 255 strongly suggestive of Sr diagenesis in the dentine. For the enamel, the more radiogenic enamel values 256 are associated with lower Sr isotope concentrations, which may be suggestive of diagenesis, though 257 we cannot rule out that the radiogenic Sr catchments have lower bioavailable Sr concentrations than 258 the more radiogenic ones. Nevertheless, we take a cautious approach. 259
260
Although it has been shown that enamel is not entirely resistant to post-mortal influences (e.g. Zazzo The phase Laugen-Melaun C is roughly equivalent to the early Iron Age (Hallstatt; Ha C1-D2/D3, 800 291 BC to c. 500 BC), whilst Fritzens-Sanzeno can be equated with the late Iron Age (La Tène). The 292 radiocarbon dates obtained represent the early Bronze Age (RMO 19, 18), the late Bronze Age (RMO 293 15, 14, 11, 6, 2, 1, 7, 5, 10, 13) and possibly the early Iron Age (RMO 9, 16, 7) (Fig. 5) . The 294 chronological correlation serves as a framework for the interpretation of the strontium isotope ratios. 295
The comparison between the absolute-chronological order of our samples and the sequence of the 296 animal bones as based on the stratigraphy according to Würgler the early phase and the less radiogenic, more static patterns of the later phase as year-round grazing in 318 the vicinity of the site. However, the topographical situation of the site suggests that good pastureland 319 was limited and that the animals could be kept near the settlement for a short period of the year at 320 most. Furthermore, it was certainly necessary to move cattle to lower altitudes during winter 321 (Niederstätter, 1999) , when snowfall was intense at 1500 m a.s.l., all the more since we do not have 322 evidence for stabling in Ramosch-Mottata. It is therefore much more likely that all cattle were 323 pastured, at least for part if not all of the year, at a distance from the settlement. Sr patterns observed in the cattle samples suggest that a change in herding management occurred 334 during the late Bronze Age (Fig. 2) (Fig. 6B) . We may assume that the livestock were now regularly being brought to pasture 361 grounds which were in permanent ownership. At a more advanced stage of the new influence, specifically at the transition from Laugen-Melaun A to 371
Laugen-Melaun B (Ha B1 to Ha B2, around 1050/1000 BC), we identify the observed shift in cattle 372 husbandry and land use. This shift was very probably linked to a change in animal product 373 exploitation. The (ethno)archeological differentiation between the exploitation of primary and 374 secondary animal products and their archeological (in)visibility in the Alps was recently discussed by 375
Carrer (2015, 2016a, b) . Basically, two pastoral strategies can be distinguished in the Alps: the 376 exploitation of primary and secondary animal products. Besides dairying, the latter implies the use of 377 wool, while meat, hide and bone were important primary products (Greenfield, 2010) . The 378 characterization of alpine pastoralism and transhumant shepherd sites, as described by Carrer, allows 379 us to infer a differentiation between these two categories (Fig. 6) . Non-dairy animals are allowed to 380 move freely throughout the pasture grounds and search for available grazing areas (Fig. 6A) . 381
Shepherds do not enclose the animals and a single herdsman can manage a flock of more than 1000 382 non-dairy sheep. As herders do not need to bring their animals back to a permanent seasonal site to 383 milk them or produce any dairy products, their only focus is on grazing. There is therefore no need to 384 select a location that suits their requirements and the herders usually spend their nights under rock 385 shelters or even under trees. Higher mobility means much less archeological visibility, but greater 386 variability in the mobility patterns. Dairying, on the other hand, requires hard work and a specialized 387 working group. In order to maximize milk production and quality, herders are required to find the best 388 and most accessible pastures. A herd of at most 150-200 sheep is kept in pens and permanent seasonal 389 buildings are required for milk processing and storing the dairy products (Fig. 6B) . These sites are 390 usually placed in the middle of an appropriate grazing area to enable the herder to pasture his animals 391 in the immediate surroundings. The choice of location is important and based on the evaluation of 392 specific environmental features. As a result, seasonal mobility is much more uniform (Carrer, 2016a, 393
Assuming that Carrer's model can be transferred to large herbivores, we may use it to explain the 395 different mobility patterns seen in the cattle from Ramosch-Mottata. The 87 Sr/ 86 Sr ratios in the samples 396 from the early Bronze and an early stage of the late Bronze Age (RMO 19, 18, 15, 14) reveal that the 397 cattle herds were more mobile (regarding the geology of grazing grounds) or herding management was 398 more variable at that stage than in subsequent centuries. The geographical distribution of 399 contemporary alpine sites throughout the Silvretta region (Fig. 6A ) supports this hypothesis. These are 400 modest camps under large boulders or open-air sites without any elaborate structures and with a 401 complete absence of fragile ceramic vessels. We therefore assume that they were intended for 402 occasional and short-term stays until the 12 th century BC, when the situation started changing. 
